Introduction
The North Atlantic is a key region in paleoenvironmental studies as it contains oceanographic and climatic systems that are globally significant and that vary in rate and intensity on extended timescales (Broecker et al., 1985; Bond et al., 1997) .
During the Holocene, the region is also very important for the study of interactions between human communities and the environment. Human-environment interactions in the North Atlantic islands have been subject to especially detailed examination during the period of Norse settlement in the pristine landscapes of Faroes, Iceland, Greenland and Labrador between c.850 and1100 AD (Edwards et al., 2004; Dugmore et al., 2005 ).
An understanding of the correlations between paleoenvironmental and archaeological processes within the North Atlantic, at times of significant change, such as the Norse colonizations, requires chronological data with a high level of precision and accuracy.
This has led to the use of extensive radiocarbon ( 14 C) age measurements to form North Atlantic chronological frameworks. However, when samples for 14 C analysis contain marine derived carbon, the calculated 14 C age must be corrected for the marine reservoir effect (MRE). The high density of material containing marine derived carbon at archaeological and paleoenvironmental sites has introduced the need to understand and quantify the MRE (Ascough et al., 2004) . The MRE is the 14 C age offset at any point in time between samples formed in the terrestrial biosphere (which is in equilibrium with the atmosphere) and the oceans (Stuiver et al., 1986) .
This variable offset exists because of the extended mean residence time of 14 C once transferred to the oceans, and in particular to the deep oceans. During this time, 4 radioactive decay of 14 C atoms means that the deep oceans are depleted in 14 C relative to the coeval atmosphere and therefore, following the eventual return of deep waters to the surface, the surface oceans are also depleted, although to a lesser extent. ΔR is the offset of the 14 C age of the surface ocean at a particular geographic location from the global average MRE value (obtained by modelling ocean response to atmospheric 14 C variations), and is dependant upon specific oceanographic and climatic variables, which may also change through time (Stuiver et al., 1986) . ΔR is established by empirical measurement of relevant local samples, and a range of current assessments of ΔR exist for the North Atlantic region from a variety of studies (Stuiver et al., 1998b; Stuiver and Braziunas, 1993; Reimer and Reimer, 2005) .
At present, the available data suggest a significant geographic variability in North Atlantic ΔR, reflecting the distribution of water masses with varying 14 C content, however, there is a lack of comprehensive or standardised studies of spatial variability to address this phenomenon. A second consideration is the potential for temporal change in ΔR values, particularly at times of known cultural and environmental change when there is a particular requirement for high levels of chronological accuracy. This paper presents the results of ΔR assessments derived from comparisons of 14 C ages on marine and terrestrial archaeological material from three sites in the Faroe Islands, Orkney and Ireland (Figure 1 ). For each site, MRE and ΔR values were obtained using the paired sample approach (Ascough et al., 2004) in which 14 C measurements were made on coeval marine and terrestrial material from a single stratigraphic layer at recently excavated archaeological sites. At each of the three sites, samples were obtained from a midden layer that had been produced by successive dumping of domestic refuse by the site inhabitants. A selection protocol (cf. Ascough et al., 2004) Once it had been established that the ages of each group of samples were statistically indistinguishable at 95% confidence using the χ 2 test, MRE and ΔR values were determined for each site using all possible combinations of terrestrial and marine ages
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(16 values in total). Thereafter, weighted mean MRE and ΔR values were calculated for each site. The MRE is the age difference between the marine and terrestrial 14 C age. The associated error was calculated from the combination of the errors on both ages. ΔR was determined by converting the terrestrial 14 C ages ± 1σ to upper and lower 1σ modelled marine 14 C age bounds, using a linear interpolation of the Intcal98 atmospheric calibration data and Marine98 modelled marine 14 C ages . ΔR was then the difference between the midpoint of the modelled marine 14 C age bounds and the measured marine 14 C age, with an associated error derived from the model age bounds and the error on the measured marine age (Reimer et al., 2002) .
A calibrated age range for the samples at each site was obtained using the weighted mean terrestrial 14 C age and Calib 4.4 with the Intcal98 atmospheric calibration dataset (Stuiver and Reimer, 1993; Stuiver et al., 1998) . , 1974) . This is included in the calculation of a regional mean ΔR value for the Faroes and Iceland for modern pre-bomb samples of 52 ± 19 14 C yrs (Reimer and Reimer, 2005) . Norwegian waters (Mangerud and Gulliksen, 1975; Olsson, 1980; Reimer and Reimer, 2005) . Further north, the increasing influence of Arctic water is also apparent in the west Spitsbergen coastal water (a mix of Arctic and Atlantic water) that displays a MRE of 510 ± 30 14 C yr (Mangerud and Gulliksen, 1975 ) and a ΔR of 93 ± 23 14 C yr (Reimer, and Reimer, 2005) .
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The Polar Front is one of a series of frontal systems in the North Atlantic that mark strong ocean and atmosphere gradients and result in sensitive oceanographic boundaries that respond to shifts in climatic conditions. The Polar Front is presently located north of Iceland, and its relative position over time is strongly correlated with records of climatic and oceanographic changes (Ruddiman and McIntyre, 1981; Dansgaard et. al., 1993; Haflidason et. al., 1995) . Significant shifts in oceanographic and climatic variables have been identified within both the wider North Atlantic and the study area during the Holocene, including the location and intensity of surface and deep-water currents. During colder phases, features such as increased sea-ice cover may surround areas including the Faroes as a body of cold polar waters extends from Figure 2 14 the East Iceland Current towards the Faroes from the north (Moros et al., 1997; Humlum, 1998; Kuijpers et al., 1998; 2002) . Variability in the relative influence of Atlantic and Arctic waters around Iceland has also been identified over short timescales (Knudsen et al., 2004) , and a relationship has been identified between variability in the influence of Arctic and Atlantic water masses and MRE values on the North Iceland shelf over the past c.4000 years (Knudsen and Eiríksson, 2002; Larsen et al., 2002; Eiríksson et al., 2004) . Here, higher MRE values are associated with periods of increased influence of Arctic waters (Larsen et al., 2002) , whereas the period between c. 750 and c. 1150 cal AD is characterised by dominance of Atlantic waters and a lower offset between atmospheric and ocean surface apparent ages.
The data presented in this paper indicate that a spatial trend in MRE was also present at c.1000 AD, with an overall increase of c. Iceland and Greenland (cf. Jones, 1986) . It is possible that these conditions were comparable to the present climatic situation, and that the subsequent retraction of settlements, such as the termination of the Greenland and Labrador settlements, was linked to deterioration in environmental conditions (cf. Davis et al., 1988; McGovern, 1991 (Ascough et al., 2004) .
This result is comparable to the assessment of -71 ± 58 14 C yr made for the Orkney Isles at c.1000 AD, and may represent a deviation in both periods from values derived from modern samples. The lack of available data make it difficult to assign confidently any temporal trends in MRE values across the area, however, it is hoped that future data will enhance the understanding of how variable both spatially and temporally the North Atlantic MRE is over longer timescales.
A greater understanding of the MRE enables an improved level of accuracy for 14 C measurements using sample material that contains marine-derived carbon, and the incorporation of such data within chronological frameworks. This is of particular importance in the North Atlantic during the Norse period because of the extensive occupation of coastal settlements during a period of economic change. These changes often involved an increased dependence upon marine resources, both for subsistence and commercial trade (Barrett et al. 2000; McGovern et al., 2001; Perdikaris and McGovern, in press ). In addition, precise 14 C dating of sites from this temporal period 16 is often hindered by the existence of a plateau in the atmospheric calibration curve that limits the calendrical precision that can be attained with measurements of terrestrial material (Hannon et al., 2001) . One possibility is that measurement of marine material may provide the opportunity to achieve higher levels of precision on calibrated ages. This is due to the smoothed nature of the marine calibration curve, and shortened plateau length for a specific calendar interval. However this effect would only be of use if a high level of accuracy and precision could be achieved upon 14 C measurement of marine material by the application of a relevant and precise ΔR value, prior to calibration.
Conclusion
A new dataset for the MRE in the North Atlantic at c.1000 AD is presented that is indicative of significant spatial variation in values at this time. The dataset has been produced using a standardised methodology and multiple samples to achieve a high level of precision and accuracy. The spatial trend in MRE shows consistency with known modern variations in relative oceanographic regime across the area and has implications for both archaeological and paleoenvironmental chronologies in the North Atlantic c.1000 AD.
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